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The present invention relates to a distr.bu.ed computer system and relates particularly but not 
exclusively, to a multimedia distributed cbiect-based conference system. 

The otiect-based approach to system development .< becoming well-established The bas.c .dea .s to 
program the system ,n terms of software obiects. each hav.ng „ s 0 wn data and methods .'or operating on 
5 the cata. Ob.ects .ntercommumcate by means of messages. An advantage .n encapsulating data and 
metnods .n th, s way ,s that the resulting system „ relatively easy to maintain and develop. An example -s 
NewWave Man .produced and sold by Hew.ett-Packaro, which , s an ofcjec.-based electron* ma.i applica- 
tions program ,n wh,ch messages anc message components, such as text, distribution lists, etc. are treated 
as objects. 

J An ob,ect can be regarded as a discrete entity wn, C h can ,nd.v,dually be moved, cop.ed destroyed etc 
An ob,ect .s .n,t.aily some data stored on d.sc or other med.um If object management software w, S nes to 

?f I 0 ?' ° f m ° re 0f ° CeSSeS be ,n ' !l5t *° " rt ' ch *• data as part of initialization. .« 
an object .s fully def.ned by its data and has no processes associated with ,t. „ lS sa.d to be "inactive " if an 
ocject has on, o, more processes associated with „ and ,s defined by the state of that process or 
processes and data then it is said to be "active". 

A distributed object based system , s one ,n which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Ob,ec,s themse.ves 
may also be transm,ss.ble over the network. A network may comp„se several .nterconnected intelligent 
workstations or a central computer connected to several terminals 'workstations, or several interconnected 
server machines w.th intelligent workstations .-.onnected to each server, or a mixture of these poss.bH.t.es 
The term workstation" is intended to be applicable to an cf these possibilities 

In a d-stnouted object based system there are benefits m splitting shar'abie semantic and presentation 
parts so as to enable more than one user to access the semant.c part of a shared ob,ect. For example m 
the context of a distributed conferencing system a whiteboard ob,ect would have a semantic part defining 
the state of the object and a presentation par, for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentat.on part for 
viewing the whiteboard ob.ect so that they can each mane contributions m a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement w.th semant.c object parts stored on 
server machines and presentation ob,ect parts stored on client machines. Alternatively, semantic object 
parts /nay be distributee around user machines on a network of intelligent workstations 

According to the present invention we provide an object based d.stnbuted computer system comprising 
a network of workstations and means for transm.tt.ng objects between workstations charactered by obiects 
including a first object type for storing data and a second object type for presenting data to a user wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the object of the first type, comprising means for transmitting an object of 
the second type between workstations thereby to create a -eference to the associated object o» the first 
_ type for each workstation receiving an object Of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous working or for the purpose of participating .n a jo.nt 
activity. 

in the embodiment to be described, the system comprises means lor copy.ng an object of the second 
type between workstations. In that embodiment transmitted ob.ects of the second type .nclude an identifier 
tor :he associated object of the first type. 

The system according, to the present invention may be m the form of a conferencing system compnsing 
means enacting users of the workstations to partic.pate .n a meeting over the network wherein objects of 
the r.rn type store meeting data and objects of the second type are for presenting meeting data The 
mvention also prov.des a method of convening a meeting u5 ,ng such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the assoc.ated object of 
the first type for each workstation receiving an obiect of the second type. 

it is believed that poor commun.cat.ons are a major cause of the poor performance of distnbuted teams 
of oeople working on a given project. The present .nvent.on aovantageously provides an .mproved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention w,n n 0 v» be described, by way of example w.th 
relerence to the accompanying drawings m which- 

Figure l is a diagram of a distributed system according to the present invention: 
F-igure 2 shows the major components of a server ana workstation of the system: 
Figure 3 snows a voice and data network structure: 
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windows. 

A possible video network is shown m Figure 5 The video network i« based on a central video switch 54 
connected using a star topology to client works-aliens C Video signals are modulated on to VHF earners 
anc transmitted over standarc analogue cabling 56. The video swtcn 5-4 is a conventional cable television 
5 swttcn. Several sucn switches can oe cascaded in a bar arrangement for large systems. 

For long distance video communications, a device 58 for corncessing and decompressing viaeo 
signals fa "codec"! may be used and the signals are transmitted using ISDN teiepnone lines 

The architecture of ;he object-based system 10 win now be described. 

With reference to Figure 6. the structure of one user's portion of the system is represented. The 
■o functions of me objects are as follows: 

a Venue object (V) »s an electronic meeting place allowing control over med.a channels and providing a 
location for storing shared objects. A user may nave several Venue obiects: 

a Phone Booth object (Pe> controls the creation of Venue objects and oversees the setting ud. 
maintenance ana closing down of conferences. The P8 composes a processor for handling incoming and 
: s outgoing calls: 

a Connection Manager object fCMi controls driver components (0- ... D n ) which handle media 
connections for the system 10: 

a Directory object (0) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meeting-related function, eg. a 
20 whiteboard function. 

Figure 6 »s a conceotual representation of the system 10 and the arrows represent mter-object 
communication. In the emoodiment bemg described, the system comprises client workstations C and 
servers S ana most of the objects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 
rs The server objects handle the centralized and distribution - oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In Figure 7. P8-s means a Phone Booth server object and PB-c means a Phone Booth client object, 
and so on. 

10 In this embodiment, the client objects are implemented as NewWave objects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone Booth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interface runs cn MS-OOS NewWave client workstations. 

The client workstations are each running an object-based system of the type described m European 
js Patent Application No.339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached 'Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
t objects can be copied. Ounng a copy operation, the container of the ooject to be copied sends a message 
to the OMF28 asking the OMF28 to copy the relevant object and identifying the container object which is to 
jo receive the copy object. 

The OMF28 performs the copy function and then sends a message to the target container object 
instructing it to msert the copy ooject as one of us child objects. 

Mailing an object involves serialising the object, transmitting it to its destination and deserialising it. 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
js information about its properties and its child obiects. 

Server objects are not linked by parent-ch.ld links sn the manner m which client objects are so linked. 
All client objects contain a reference to their associated server object. Figure 3 shows the form of aata item 
60 used to name objects. The data item 60 is an eight-byte array following the convention used for Internet 
Protocol (IP) addresses. The first 64 bits is a machine identifier M I 0 comprising a 32 bit server IP address 
so and a 32 bit machine IP address. For a server object the server IP address and the machine IP address w.ll 
be the same whereas for a client object these w.ll be different. If there is only one domain per machine, the 
domain identifier D 1.0 .s zero. The object identifier 0 l 0 comprises a 32 bit generation count and a 16 bit 
tag. The »6 bit tag umoueiy identifies the object within the relevant storage domain. Since tags are reusable 
when an object is deleted a generation count is used to ensure that each object is uniquely-named m time. 
55 The generation count is simply the time m seconds. 

When a client object is closed (inactive) it appears as an icon on a user's screen. The user opens the 
object by clicking on the icon. Opening a client object causes it to send a message to its associated server 
object informing the server object that the client object .s now active i.e a Here Am I message. Until then. 
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Figure 4 shcs video faoli.ies for a cent workstation 

figure 5 shows a video network structure 

figure 5 .Hustrates :he m a ,n objects m the iy <* m 

F'gure / illustrates the functionally split nature n , ne „, e 1H 

Figure 10 shows a CoMedian directory 
figures ti-i4 mustrate messaqe seauenr« •-, e „ 
^gures 15-27 show S r,- M . * q ° enC " S >' stem operations: 
tL I s 0VV screens dur,n 5 a tyceal user ses«,r.n 

^ mul "— a ~ ~„ g sys(em £C _ 0 !C the 

— ce system acc ,, ng , 0 , he 
network ,2 may De a afea r^^^™" S connecteo over a network',; The 

's network (MAN). Cent WO rks,a,,on S C are connect ™ " ,wo * » a metropol.tan area 

Servers S commun.cate w„h each other b , ooennn T*'* S EaCh S ' te ' s ^ 5 3 server S 
onncipie. den, wo ,kstat,ons C could communis Z Z y t,h'^ 3a ' fS °' Se — A <^9" ■« 

and he fe ore each client workstanon C has only 0 n e J, , ua ? - h 2 , ^ C '** 9S °">"*™ 

^are , such as an ^ ^ _ ^ ^ ^ ^ ^ ^ ^ 

operating system software >6, such as HP-ux software- 
- -ta^ ^ec^^ communis ^ _ 

SEES t msxzr ^ 

oo (6Ct parts ^ent.oned ,n , he mtroducr.cn * **" ^'"^ and wh,ch correspond to the semant.c 
Each client workstation C compr.se«- 
m hardware 22. such as an IBM-AT compatible PC 

operating system software 24. such as OOS software 
wndowmg software 26. such as MS Window ao^, „ , 
an o b) ec, management tac.i.y (0 MF, £ * 
mark of Hewlett-Packard Company used for n ^ NewW *ve (Newwave « a trade 

* objects software 30 such as New I/avt V a PP"cai.ons software.: tr3de 

'or nandlmg commun.canon w„h 0 p iects .T^ZZ^'^r ^ ° b,eCtS 32 3nd * ob.ect 34 

Presen tatl0n objecf parts J ^ [.^^""P"**- The Cent ob.ects 32 correspond To t h e 

The user C f a chent workstation C therefore ha, > - 
ob,ects of the system and can cause obte^s t dV,"J * ^ ' nterfaCe yv " h,n wh,ch «= ™n,p u <a,e 
Se '7 S ' ,S t0 °* ' ,ansm,tted » v *' ™work -2 v,a the assooated ' 

The system to provides mult.media fac.l.Hec to ...... c 

*o,ce and or v.deo commutation fac.hties as - as * ata ZT^' ^ " C * Slat ' on C m ^ 

A poss.b.e vo,ce ano data network ttnK^ J^l^r™"" faC, "" eS - 
and B. a networked PC server 4 2 , s connect to^ fccTpABxT °' ' W ° S ' teS aes '9nated A 

muin-por, telephone mterface cards (such as the vex 300 r, T ' § PC S6rver 42 conta '^ one or more 
PABX , s controlled by the PC server 42 and users can u c e ^ * Nm Ml ^ s vstems inc.). The 
are connected to the .oca. PABX and conven.ently desk tsl *>*°™ « -h.ch 

Each of the sites A and B ramonses a i an c ' em work stat.ons C. 

WA ?n use the PC ' ^ ^ bf ' a9e ' nterC ° nneC,,nQ !he LAN a 

le-ephon^ orte P n C ce S ^s r ? 0 ZY^ZZTJ^ S'T " " ^ ^ ™ 
iherefore dial ether users adding them ,n ,o conferend J, " PP8 * S 35 3 n ° rmal telept10ne «w and can 
•n orcer t0 conduct conferences over a "de areV PC L?" 9 ^ 

Furthermore. tn e Cent workstations C may I Z % IZ^^ 

■n vneo .ards to enable a user to v.ew «, ae o .n 
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Button Appearance 


Meaning 


No button 

White, unhighhghted 
Slack 

Red 


This person does not nave this media channel available. 

The media channel is available, but not cnosen for use. 

The media cnannei has been selected, tut is inactive because the person 

is not present in the Venue or the connection has not been completed yet. 

The media channel is De»ng used. 



The lower portion of the Venue is taken up by the shared obiect area 78. This acts as a shared foiaer 
storing objects on the server and making them accessible to all users of the Venue, inactive objects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area 78 may oe client 
objects e.g. Whiteboard client objects, or may be standarc NewWave obiects. it is possible to move objects 
into and cut of the snared object area 78 of the Venue-client object. Moving a functionally-split object such 
as a Whiteboard object into the shared object area 78 dees not entail moving the Whiteboard-server object 
but just the Whiteboard-client object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
client object as one of its children. The Whiteboard-ctient object is then serialised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-client 
object with the news that a new Whiteboard object is available m the Venue and these Venue-client objects 
disclay the Whiteboard-client object icon in their shared object areas 78 accordingly. The Whiteboard- 
server object remains on whatever server it was initially stored. Subsequent opening of the Whiteboard 
object by any of the users cf the Venue cause a copy of the Whiteboard-client object to be senalised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wmteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client obiect remains on that machine for subsequent use. 

in contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server obiect. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon. Subsequent opening of the Newwave 
object by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
obiect and changes which a user makes are not reflected m the copies held on the other users' machines. 
This is a consequence of the non-f u nctionaily split nature of NewWave oojects and is an impiememational 
feature rather than one which is important to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone Booth client object arranges for the creation and activation of Venue 
client obiects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of oossibie meeting participants as shown m Figure 1 1. The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out m the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant apoears in the area 94 as shown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 adds that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by ce-checking the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will be implemented. The Convene option win be described later. 

There is also a Connection Manager object on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager object handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests during use. The Connection Manager object 
performs the following services: 

maintains a list of media resources available in the system 
- detects wnen resources fail 

• monitors resource channel availability f;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using different media: 
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workstation B to the Phone Booth server object PB-s. if the ;nvitaticn is accepted a Create Venue message 
(referenced 6) »s sent from the Phone Booth ierver obiect PB-s to the Phone Booth client object PC-c 
which causes it to create a new Venue client object V-:" on client workstation B involving sending a Here Is 
Parent message (referenced 7) to the new Venue • client object V-c' to notify it of the identity of the Venue 
5 server object v-s. The new Venue client object V-c' then sends a message (referenced 8) to the Venue 
server object V-s requesting information about the contents of the Venue. The reply from the Venue server 
object V-s is referenced 9 m Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as also to create a new Venue-client object v-c on that workstation and these messages are 
f;? referenced 1 0- 1 3 m Figure 13. 

Finally, the Venue server object V-s sends a request neferencetf t4i to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
media drivers accordingly (dotted line referenced 15>. 

The users of client workstations A and B can then communicate using the newly created Venue 
••5 It is also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This inmates a sequence of events whicn will he described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option is referenced i m Figure 14, This causes the Venue client 
object V-c to send a Convene Request message (referenced 2) to the Venue server object V-s which 
so notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 whicn 
identifies the intended meeting participants. The Phone Booth server object PB-s sends a Ring message 
(referenced 4) to the Phone Booth client objects PB-c on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations inviting the users to partake m a 
meeting. When these users accept or decline the invitation th.s causes a reply message (referenced 5) to 
25 be sent from each Phone booth client object PB-c* to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server object PB-s to instruct (message referenced 6) the Phone 
Booth client objects P8-c : to create new Venue client obiects V-c on machines where a Venue client object 
linked to the Venue server object V-s is not already stored. Such new Venue Ghent objects V-c' then send a 
message (referenced 8) to the Venue server object V-s reouestmg information about the contents of the 
30 Venue so that ihe appropriate icons can be displayed m the shared area 78 of Figure TO on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server object V-s is referenced 9 in Figure t3. 

The Venue server object V-s then sends a request i referenced i0) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager object instructs the relevant 
;5 media drivers mot shown* accordingly (dotted line referenced n>. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
^ (Figures 14-17 of Apoendix A). On opening the new Venue-client object a Venue-server object also needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

j o C. 

The act of opening the new Venue-client object V-c causes it to send a message (referenced i > to the 
Phone Booth client object PB-c which triggers a message (referenced 2) to be sent from the Phone Booth 
client object PB-c to the Phone Booth server obiect PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object PB-s creates a new Venue server object V-s using a Venue Start 
js message (referenced 3). Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing the 10 of the Venue-server object. The new Venue 
client object V-c then sends a message (referenced 5; to the Venue server object V-s requesting 
information about the contents of the V6nue and there is a corresponding reply (referenced 6) from the 
Venue server object. 

50 It is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu option. This causes a directory of potential participants to be displayed as shown m Figure 11 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices is conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 

55 change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to its Venue-server object informing the Venue-server object that the 
Venue-client object is deactivating. The Venue-server object then messages the Connection Manager object 
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■ POtni-to-point 

• muiti-comt: all that are available 

P'oviaes interface to meoa drivers. 

Another functionally sofit OOiect wh.rh ,« rm * - 

-:r — a — ^ - e • ,he * — - **, 

^m w 3 ;? Z aCQU,re 3n ' ma9e source a he * T ^ Md tyPe 00 rt,s 

same Wh„eboard on Afferent Cent workstation, Thts he 1, T ™ V,S '° ,e * ^ USe ' S v ' e ™9 «• 
medium wn, C h al(0ws users [0 p,c, U r e 0 , „han' Wh„eboarc ob,ect „ an * 

F-gore 12 snows an example of the aoo2-n, 0 Y * 0,KMS,n 9- 9 

rr ;v ™ do " ,o ° ^ • bar TcT;: Vm^rr ; ,,enf object - Th * whi ^ ■« ^ 

<s devoted to displaying ,he contents of the W tebr,,-, J A a ' ea 106 * w.ndow ,00 

Hewiett-PacK^d off-ce. At the bottom of the w.nTowToo * *" 3 ma ° the locat.on 0 a 

« ava^e to the user of the Wh.teboard. Th Xi " ^ '° 8 "«*«"* *• -ge of iocs we* 



a scroller ' " ' 

a pointer 

a selection 0 f different coloured pen* 
an eraser 
a text selector 



Apart from the pointer n 2 rhp tnni* - 
Whueboard could be us.ng the J£ 00 T*g ° a » • «~ " -c, of the users v ie w,ng the same 

"n,sned using that tool. ' 9 ' * red Pen w,,hCut h ^"9 to wa.t un„l another of the usls hTd 

The scroller 1 10 can be used m e~«n >u 
> «-» .he cursor ,nto a compass enabl, ^T^, ^ *" Wh ' teb ° ard S *' ec ^ *« 

5 6 °' " le Wh,1 ^«rd to be cKck-dragged around by tne 
Only one user can move the po.nter 1 12 at a r,m a a 
Pinter ,ogo . this turns the cursor ,n, 0 a po n«e At h'^T °' *™» by cctang on the 

canno, see the p 0 ,n«er , , 2 . r 0 shew the pomter ,2 rh« ** ^ USe ' S v ' ew '^ Whiteboard 

tne draw.ng area 106. The pointer n 2 Ln T ' ' ® USer n6eas 10 c "" " clown at a -hosen OOI „ ,„ 
oosuion. the cursor of the Z £ ? " - 

L.kew, se the seven coloured pens are select^ ,1 !„* 1 ^ t0 !he de ' aiJ « arrow 

w i~; 1 ^ ,i J^^ , ^^a• Wh,,9boaro A,so d,rect ^ - - -° 

other n use^ a are%o,ffied e by '1 ^ 120 As ««« open or close the Wh.teboard 

*« TZZZZZ V n ;r m KC °^ l ° - — - - now be o,«^. conc e ntrat,ng 

Con^%r?:^^^^^ -ence to ^ n an0 selects the 

and the numbered sequence of messages Roure % T <*■•«■ *gurt 13 shows me ob.ects 

workstat.cns A and 8 connected to the ~ J '^ aepicts 3 s ^er machme S and two cfient 

Pnone Booth client ob )e ct FB-c. On the server machine I I * ^ WOrkSta,,on •» •n-n-Hy a 
and a Connection Manager ob )ec t CM. ' 6 S ' S ' n,, ' a,ly a Phone Boo'" server ob,ect PB-s 

^c^^^pS^^^'^^^ A. r ,ch causes an w (d0Mid hne 

Boom c(ient 0 , )ect PB . C (o me phone eo ;; ver B ob ; e am «;^ . referenced 2, „ sent from the Phone 
Booth server ob)e c, to create a new Ven ue server ob^ v? I V*"'*' mKh ' ne S Caus,n 9 Ihe Ph one 
The Phone Booth server ob.ee. PB-s then ^ U5 ' ng 3 Venue S,8rt m e«age (referenced 3, 

oo,ec. PB-c on cien, .orkstat.on B cn^^^Z™? 9 4 » 10 P »°<* Booth cent 

■nv.t.ng the user ,o take part in the proposed meeVn o That , ' °° °' C,,efl, "°«™>°° 8 

— g , essa ge fenced 5, to be sent\o^ 
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To "Open" an obiect. the user double clicks on :he -elevant icon Referring to Figure 17 Martin has 
ooened the Proiect Meeting Venue which is shown m a /vmaow 1 74. The window 174 has a menu bar i.'6 
wnich has similar options to the menu bar 130 of the .vmciow 125 except a Meeting ootion instead of the 
Setting option. The window 174 j.splays a oarticipants area 178. shewing only Martin, and a snared items 
5 area 180 which :s empty. Underneath a b.t map 182 of Manm is a name bar 184 which includes a 
notification of presence and three media control buttons 185-7 for Phone. V.dec and Oata respectively Only 
the Data button 1 87 is highlighted m this example, ie. blacked out m Figure 17 

On selecting the Meeting option from the menu oar 1 76 of the window 1 74. a CoMedian directory 
wmdow 190 appears. Figure 18. The reference numerals for the CoMedian directory which were used m 
••o Figure 11 w.n be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
participants causing a picture of Richard to appear m tne area 94 together w.th crosses m the v.aeo and" 
oata boxes m the area 96 to indicate Richard"* media selections. This means that Richard will be contacted 
through the system for data sharing w.th both video and audio travelling over video connections. Martin then 
ci.cks on the Convene button in the options area 98 to add Richard to the Venue which causes Richard's 
n image to jom Martin's image m the Venue as shown at 192 m Figure 19. Richard is marked as absent at 
194 and a banner 196 is displayed indicating that he has been invited Martin has selected both video and 
data connections for himself .n order to match what was seiecteo for Richard. This causes the video and 
dataouttons 186 and 187 to be highlighted in a first colour to show that they are currently ,n use albeit only 
locally to Martin s own workstation. Richard's video and data media buttons 1 86a and 187a are highlighted 
20 m a second colour to indicate that they have been requested out are r-ot yet m use. 

While waning lor Richard to join the Venue. Martin .s moving tne Design Notes and Design Principles 
objects 170 and 1 72 into the shared .terns a.ea 180 of the Venuo by choking on each obiect and dragging it 
to the area 18O. 

Mov.ng mow to Richard's workstation, shown ,n F,g u re 20. the invitation to join the Venue has reached 
js his machine and has caused a bell 200 to apoear at the bottom of h.s screen. The bell 200 is flashing and 
making a ringing sound to attract h.s attention. Richard clicks on the bell 200 and the result is shown ,n 
Figure 21 An invitation message box 202 is brought up telling Richard that he has been invited to a 
meeting and giving the name of the meeting and tne name of the person who conveneo the meeting The 
invitation message box 202 comprises two options: Accept and Decline. Richard clicks on the Accept option 
3a to accept the invitation to join the meeting. 

Referr.ng to Figure 22 accept.ng the .nvitat.on causes a Venue client obiect automatically to be created 
and a w.ndow 204 to be opened for Richard. The choser media connections have been set up so that 
Richard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are ava.iabie to him. Figure 23 shows that Martin can s 5e the same Venue having the same contents on his 
s workstation Referring to Figure 24. during the meeting. Martin has opened a window 206 on the Design 
Notes whiteboard obiect. Martin informs Richard of this so that Richard can also view the whiteboard obiect 
and then both Martin and Richard can scribble on the whiteboard and view each others input. When their 
_ meeting .s finished both Martin and Richard close and save tne Venue. 

Figure 25 shows the Venue obiect 163 saved m Richard's NewWave office. In Figure 26. Richard has 
jo iust opened h,s NewWave office and .s viewing the Venue 168 m a window 208. Martin is not present 
(although he would be if. coinadently. he had h.s Venue open at the same time as Richard. In that situation 
the relevant meo.a connections would automatically be set upi. Refemng to Figure 27. Richard has selected 
the Meeting menu .tern using the cursor 210 so as to bring u p the CoMed.an directory 212 and he has 
selected Ed Dav.es m the manner previously described. Ed Dav.es does not have v.deo capability, instead 
s he is selected by telephone. Clicking on the Select burton w,n cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring to Figure 28. Richard is about to inmate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216. S.nce Ed ooes not have video capabilities, the audio from his telephone would be mixed into the v.deo 
0 feed mto Martin and Richard and the.r audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session .s beginning on Richard Jenning s workstation. A window 220 
contains Richard's NewWave Office. Richard has created an outgoing message represented by the con 222 
caileo "Meeting Reguest" (using the "Create a New" option from the Action Menu - see Figures 14 to 1 7 of 
5 Aopendix A) In Figure 30. on opening the outgoing message 222 it is displayed m a window 224. Richard 
has completed the distribution list 226 and written a cover note 228. 

Referring to Figure 31. a new Venue-ct.ent objec: represented by the icon 230 is created (again using 
the "Create a New option). The Venue-client obiect 230 is copied and oraggea mto the w.ndow 224 
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o connect the med-a connections 'or the Venue-hen, obiect wh.r-h < , 

ocect sencs messages to all of .ts other Venue-dent TXT ^server 
particular Venue-c'.ent ob.ec. so that these Car ^e^n l ^ 1 ^ °' °' the 

i-^e relevant meeting member <s now absent " ' e,r We**"™ to .nacate that 

5 Anotner way of setting up a distributed meeting „ i« r a .j*er to roo 

■■he oes.rea meet.ng participants. A Venue-cent obiect '< I ~, * e " SUng V9nu »-*'«'« obiect to 

Wcsent ob,ea to other .or.stat.ons crea.e , J n 3 V ""-'™ ^ec, Copy,ng a 

o^er workstations because ,„ ,he copying process m^-, m Ve ° ue * server ob ' e « on those 
oo,ect .5 preserved. 9 ' 6 V6n " e - :liem <*i«ct's reference to its Venue-server 

" There are different ways in which a Venue-hem -erect no 

to include the Venue-cf.ent ob,ect ,n an electron I m ^ '° ° ther WOfks 'at.cns. One way . s 

-essage „ created ,n the norm , manne e a « ^ Z^pT' *» OB " on - " e ' ec — ™' 
co.ee, is -ncuded ,n t n e message us.ng a ZolZTo w^l""'?*" ™ * V " u -<*™ 
tne message, they place the Venue-client ,n ,ne.r roT^Z ? * °' 6aCh 3(3c!ressee rece ' v « 

" meedng. At the relevant t,m e . the meeting participant. Tn ", P °T* Pfepafa,,on ,0f ftWhcom.ng 
meeting. On open,ng the Venue-client od.ects the,! 32 b , mar n "Venue-Cent ob,ects to commence the 
*e Venue-ci-en. ob,ects send a Here Am I message .« the Ts^I^i J ddreM ' S au,omatlcal, y updated and 

Another opt-on , s for the user wishing to «et up a'd ,«,,h ! Venue * server ^,ect. 

ob,ect and ,o serialise the copy of the Venue-'den, . ciect *n "^'l? 9 '° C ° Cy the re ' evam v ^*-cfien, 
» sucn as a network dr,ve,. Th.s fi,e may "° DDy * SC < 0 ' ot ^ "«« -ed.um 

participants and deserialised thereby providing eacr ^ Stations of the intended meeting 
ct.ect ana thereby means for accessing the 1™ ^ P^.cpants with a copy of the Venue-c„em 

distributed meeting. 9 a-ouated Venue- server objects in order to take part >n the 

« Office O^n^^^ " C ' ea " * New" option ,„ NewWave 

orocess „ ana.og 0 us to that described w„h referen* " uTal?. *' ^ ***** t0 be Created - The 
with references to Wh.teboard ob,ects ^ ' 5 fep ' ac,n 9 ^ferences to Venue ob,ects 

« r 7 -ect,ng the- Xreate a New ,p,n 

» obj-ci in order , 0 imtiate creatl0n o( , J^Zeloarn aCt ' VateS the n9w Whiter-client 

.hat^shown ,n Figure 15,. Whiteboard server ob,ect iaga,n using a process analogous to 

message crC'o^toc" ^ transmitted ,n an e.ectron.c ma ,i 

reference to the relevant Wh.teboard served ohic t ^ Aga ' n ,he advan 'age of creat.ng a 
= .s ob«a.ned s.nce each copy of the Z Septan 0 ' !he , : ° P ' ed Whlteooa ^— « ob.eas 

obiect (as desenbed with reference to Figure 8, 3 ' ^ t0 the Wh '^rd server 

users of the venue ob,ect thereby g.v.ng access T hp « ,eCt t0 be made avai,ao,e t0 otner 

An e*emp, ary uSer sess.on T™™* ^ 10 theSe ^ ' 

hypothetical users Martm. Rich, and Ed a «cr,bed wt n reference to F, gures , 6 to 33 .nvolving 

a w,:r,; 6 6 rr a scr9en of a c,iem ™ k ™°» — 9 ^ Neww ave so^. 

a title bar 128 carrying the title "NewWave Offire" 
a menu bar 130 offenng the following options- ' 
Action. Ed.t. Ob,ects. View. Settings. Task and Help 
a system menu box 1 32; 
s.2e boxes 1 34 ana 1 36; 

a vertical scroll bar 138 with scroll arrows iiOarui.io, - 

a hor„on ta , scroll bar ,46 w.th ivZZZ^™'*^'"™ ^ M4: 

The wmaow 126 dismay ,m„. 50 and a SCr0 " box '52: 

MM M. WW »„ rlt .„ la , M , 19ms . °' aW " 166 The "»»' '68. 1 70 and ,72 ,e specllvell , 0 „ , ne 

U ee„ 9 - ^.^^ s r ., e _, „ . v _ ^ ^ ^ ^ 

:. o 0es ' 9 " p N0,es " l^ts r-r^r- a » a — — 
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APPENDIX A 



Brier Description of the Drawings 
Figure 1 is a block diagram of a computer in accordance 

with the preferred embodiment of the present invention. 

Figures 2 and 2A show block diagrams which illustrate 

the relationship between objects, applications and data 

files in accordance with the preferred embodiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 

accordance with a preferred embodiment of the present 

invention . 
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displaying the message. This .s achieved by rj.ck.no on the ,.•«, ?m 

!ne ,con ,n,o the message. ( Th, s J an^X^ «-« 
Procedure descnoed w.th reference to Figures 13-20 of Append a', r h ^23 ^ ^ 
ngu, 32 sn 0 w S mat the message new „„,„„, a ccoy of the Venue- „e, Z5^£ZL2" 3 " 
224 , s tnen closed <F : gure 33). To send the me«ao- 222 ; - a „ k- h message w.naow 

Th, s causes a cooy of the message, mc.ud.ng ^^ e nZn^ ™ ^ ^ ' Cen 234 
cecoie on che cstnbut.on l, st . The Out Trav Vl" C0P,a ' nS - '° be Sem t0 the 

co mD onen„ :o enab.e these to be transm, ted U £ « ^ ^ °' ^ mMM *> 

tr-e in Tr. y oo.ect represented o y ,con 236 oe<er £eZ7Z~JT " ^ r9SpeC:,Ve 0est! ™'°^ 
vewed and mandated by the recount. Th« 9 components so that these can oe 

message and ,n,o the, J n t^ZZ m- ^' 0 '™ *"* Vsnu «^ ^ e =< out of the 
open the, Venue-cent ob.ects to begin I I Z Z * n* aDD ° m,ed thS !n '* S '™'™« 

shared o b) ec,s e g a Whiteoo ard 0 £ aid mo^ . ""^ " Se " ng ' the USers ™ open 

telephone and v.deo .nt.reon«^ 33 as '"»™ng througn 

srsi ? — ™- -~ - 

s,:: s :^:::vt\^z ™o to ,r presem ,n,/ent!on mav not ™ ^ - * 

message infrastructure ' °° ' d ^ 0n US8 ' "■""■a™ given a su.tab.e mter-co.ect 
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Figure 72 shews a block d i a g r a c of the organization of 
H POM?. CAT, a systea file included in the OMF shown in Figure 
7 2 . 

Figure 7 shows the relation between a global parent 
and global objects in accordance with the preferred 
embodiment of the present invention. 

Figure 75 is a block diagraa which shows how ays tea 
files within the 0M? shown in Figure 7 2 accesses data files 
an d applications from a creeory shown in Figure 1 . 

Figure ?S is a block diagram of the organization of the 
nesory s h r w r. in Figure 75. 

Figure 77. and Figure 73 show objects and links in 
accordance with the preferred embodiment of the present 
invention. 

Figure 7? is a block diagraa of the organization of 
HPOMF.XRF, a systetr file included in the OMF shown in Figure 

7 2 . 

Figure 80 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention. 

Figure 81 shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 
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Figure U „ 3WS a 8eriea of oSj€cts 3erving ^ ^ 
as parents of object, containing data, accordance 
P.-.f.rr« e=bo-i. 9 .,t of the present invention. 

Figure 5 illustrates the screen display which result 
fro. lining of various objects in accordance with a 
Preferred embedment of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

F^.-e 7 shcws h9H t , ree cbje = ts My ^ iin ^ d 

in accorcance with a preferred embodiment Qf fchf pptSfn . 



invention 



Figure 3 and Figure 9 illustrate how an object may oe 
copied in accordance with a preferred embodiment of the 
present invention. 

Figure 10 and Figure M illustrate the copying 'of a 
P^lic object in accordance to a preferred embodiment of th 
present invention. 

Figures 12 through Figure 7! show the appearance on a 
screen of a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are bloc, diagraas.of how object, 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagrao of an Object Hanagement 
Facility ( 0HF , in accordance with the preferred embedment 
of the present invention. 
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13, OMr 100 inferos- t^.e application whicl object the 
application should access for lata. That object is then 
cor.aiie.-e; to be active. An object is inactive when the 
application the object is associates with is not being run 
by cooputer 18, or when the application the object is 
associated with is being run, but is not being run with the 
data of that object. 

Active obje:ts can communicate with each other using 
messages. Tor example if two instances of application 101 
are being run by cooputer IS, one with the data of object 
202 an; the other with the data of object 203, object 202 
and object 203 are tcth active. Therefore object 202 may 
send a cessage 211 tc object 20 3 . Similarly, if computer 18 
is running application 101 with the data of object 202, and 
is running application 1 C 6 with the data or object 20^, 
object 2C2 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 2 i 2 may be formatted 
to be sent and received by all types of objects. This 
allows for free communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new tyoe. 

;t 

Each object has associated with^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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Figure 33 ,s s «, C w. ^ Qf 

s.-.3 ? -h 3t , in accordance u .. t , 
Present invention. 



a P r e T 



a view when there is 
* - etrbodiaent of the 



objects 
s h own » 



Description of the PreTerred E*oodi Be „t 

, shows . ccaputer , a haying a oonit ^ ^ ^ 

keyboard :o and a souse 20 t . 

,0. A portion of computer o,ain 

■«°ry 17 i S sn?wn by a „ 

'-°-e within coeputer 18. 

Within caiputer secorv sain l ■> - s , h , u 

f . . ' SheWR a " °^ e = t manage^ 

faci.ity (CMD10C, a n a p p 1 i c a t < or '0, a 

* jR C1 « an application 1C2, 

a p 0 1 i a r i ^ <~ 

M, ., I0(> .„ Jppllcjeion , os 

* ni an application 105. 

=r .„ :i0 , tlsnl , 0 , „ ,„ stope usi ^ 

FO -" ir ' 5 '-"". - .'ijur. 2 , a ?P : iC atlo„ , 0 , ls 

o have s*orH ^ * -. 

ed da ' a uslR * ar « o*J«ct 202, an object 

J " 20 aRd an ob - s «t 205. Similarly 

.bj... .. obJ . ss 509 ana an o6ject j)o ^ 

- «, or «„. 34a . cUs3 becauj . ajch ^ >jsosijtja 

.,p lle . tlon , 01 . Sl=llarly ebjMti jo?| ^ 

"o .» or „. sa „ e el .„ beca , j!e each it ^ 

^Plication 106. ,u „,«., 

t..« sic. class u3e tne 3a . e 
application. ii„.„ an • p s l • t ,. „ , 
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children ar.i one or i:r« parents. An object is not 
allowed to ceccae its own descender.t. 

In Figure 3 is shown an object 30', an object 302, an 
object 303, an object 30", an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with referer.ee name to object 302 . Object 301 has a 

lir.k 3-1, with reference r.ase "2", to object 303. Object 
302 has a lir.k 312, with reference naoe "7", to object 30U. 
Object 322 has a link 313, with reference name "8", to 
object 305. Object 30 3 has a link 3m, with reference name 
"1", to object 30c. Object 30 3 has a lir.k 3 15, with 
reference rase "U», * 0 object 307. Object 30U has a link 
316, with reference name " 1 " , to object 308 . Object 305 has 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference name "8", to object 309. 
Object 307 has a link 319, with reference name "9", to 
object 306. Object 307 has a link 320, with reference name 
"13", to object 309. Object 308 has a link 321, with 
reference name "1", to object 309. Object 308 has a link 
322 , with reference naoe "3", to object 3 0 3 . 

Object 301 is a parent of 302 and 303. Object 303 is a 
child of object 3 0 1 and of object 308. Each of objects 302- 
309 are descendents of object 301. Descendents of object 
30 3 are objects 306, 30 7 and 30 9 . Object 309 has for 
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in data Tiles 22 i, 222 an, 222 are a . Q . ma . h . „ 

a . ormat which ran b 

interpreted by application 105. 

E» = » object ha 3 associate, with ic a l.ist.of 

properties. Each proce-tv has > n , 

prope..y has a naa- an d a value which aay 

be accessed by specifying the r.aae . T , add , r . 

- a addition, each clas 

of objects has associated with it a „, 

it a Lst of properties that 

a- coaaon to aU objects of that class. For in3tance , in 

Fl,U " ° bjSCt -PPliction ,01 are shown. Objec 

*C5 has associate, wit, it . prep . rty , g ^ 

3 Pr0PePty 2 3 3 ' *«»«ti 8 . Hi has associate, with it 
* Property ,31, a property 1 32 and a prop.rty 1 33 . 

P-Perty U s , s can contaiR any n , JO&er Qf properti _ 

£aCh Pr ° 9,rty V3lUe «" >• -re to 3,2752 5ytes . a 

length. Properties are use, to at-r. ^ 

us-u co st>-re descriptive 

inforeation about obie-»s an- o' a = 

J ,s an - Ciasses - such as naaes, 

coaaenis and 30 on. 

"* «..«. T. dl,.„ 1 .„ 1I .„. 

-»J.« 1. ..11.. th. p.,.,,. th . 8t „. r eR11<> Ejcb 

■«« . r.f.r.n«. «... unie „ t , . nu . b . r ^ ^ ^ 

P.r.nt t0 la , rtif/ „ cB of lej ehlldpen _ ui ^ 

« .»J..«-. lt . „ 1X4r . B ., c „ lldreni i>d jo oo 

" U! " I,! " oSJest 'a ........... St . lltrlri 

••>•""« «. »r.,.« invention, .„ .„,.« 

«r >. ...i,„i.t.< „v . US5r , can njve Jiro or iope 
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contains lir.es of text 5 > ' , lir.es cf text = 12, a graphics 
figure 51?, a graphics figure 5^ and spreadsheet data 515. 
As ahrv- in Figure 6, text and formatting data is stored in 
an ofcjert 5M, graphics data for graphics figure 513 is 
stored i r. an object 6 1 2 , graphics data for graphics figure 
5 1** is stored in an object 613 and spreadsheet data 515 is 
stored in object 6 1**. Links that are used to build coopound 
objects always have sore Wind of data transfer associated 
with the link and hence are called data links- In Figure 6 
is shown a data lir.k 615, a data link 616 and a data link 
617. In dcrusent 5 1 0 f data froo object 612, object 613 and 
object 6 l *J are cerely displayed, therefore data link 6lU, 
data link 5 1 5 and data link 616 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 701, which contains data for a 
first spreadsheet, is linked through data link 10U to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data froo the second spreadsheet and froo 
the third spreadsheet. Since the first spreadsheet does 
more than merely display data from the second and the third 
spreadsheets, data link 70U and data link 705 are called 
data-passing data links. 

OH: 100 does the "bookkeeping" when objects are copied 
or sailed. When an object is copied, 0 M F 100 makes copies 
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ancestors all C f objects 10 1 >o = 

J J " 33 " 03 :« = i 3 0 3 has for 
a - testers o t • ^ s 3^1 -j o -5 ... 

• ' ' 3 02, ^' 305 309. Anc - 3a on> 

Active o w ^ r » « - - j 

other o * * * - r « . , . 

- e -- 5, When a link -c an oole-t n.i ► - 

J " l - 3 deleted, 0MF 100 

checks if t e h . . 

o-.-e.. has any other par-n^ rr 

f«r.n.a. If not, 0MF 100 



object . 



.o. various purposes. r or 
-ariou, application,, , r 

Je = :! "* — 

called fclder « 0 ! ) , a K ot , ecr «,„, 

* C " w2 (3i3 ° called folder «02) 

» ,. ll0 e . llM fola#p S03i ^ ^ Mt ' 

(also called folder U 0 «5 are u^h 

are used as folders. Folder 401 

»»« to ....... «... o 6Ject „ „ nt>in 

•»< r.n.r .„. Fola , p ,„ oonuin3 ^ ^ ^ 

»»««.. o CJ „ t . 09> ustd to cantain ^ 

»»« to «.,., ,„ 06Ject ^ 

data and an oblect Hi? 

J " 13 ' used t0 contain data. 

A core sophisticated use of u„i,. • 

5 or linl «s is to construct 

pound objects. For instance in Figure s , „ 

figure 5, a document 51C 



coop 
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162 through a r.ew link :63a. 0:jec: 16U is a copy of 
object !5i. Link i£}a is a copy C f link 163. 

In Figure 12 through Figure 7:, it ls shown how objects 
are displayed to a user or. anitor 1*. i n Figure 12 a 
NewWave Office" desktop is shewn to include icons labelled 
as Tile Drawer", "Waste Basket", "Diagnostic", "Printers", 
"Star" and "My Folder". A user (not shown) has aanlpulated 
a cursor 73l, using keyboard 19 or mouse 20, to select "My 
Fc 1 d e r " . 

Figure 13 shews how the objects displayed on eonitcr 1U 
are linked. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
lir.k 7M, cf "Waste Basket" (shewn as an object 7023 through 
a link 712, of "Diagnostic" (shown as an object 703) through 
a link 713, of "Printers" (shown as an object 70U) through a 
link 71*. of "My c older „ (ahcwn as an obJect ?Q5) tnpough ^ 

link 715 and of "Star" (shown as an object 706) through a 
link 716. 

In Figure 1U, the user, using cursor 78 1 , has selected 

"Create a New..." ln a pull down eenu ?82> Aa a re9ult of 

this selection a dialog box 779 appears a ? shown in Figure 
15. Using cursor 781, the user has highlighted the icon 
"Layout" and using keyboard 19 has typed in the name "Paste 
Up" as a name for a new object to be created. Cursor 78 1 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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<^ data fii-s associate* with the eoj-ct xr ♦ „ K 



Sive t,e new coepcund ob;ect the Saa e structure 
as the original. 

F6f in5tanCe ' FUUre 8 309 , rro. Figure 3 

- Che desce.dents or 0Sject 3o3 . ^ ^ ^ ^ ^ ^ 

o*-'«t 305, c-F copies each of object 303'* h 

3je - [ 3oo»s descendants and 

the links s h o •-• - in F < ?wa t> 

.„.,.. .osa IS a c3 p, ,f osj.ct 30S. os .. e . 

= 6J.=-. jcs. o 6j .= t ;ora l3 a eo „ „ f oa , ec . 307 _ o=ject 

3"- t , a „ P7 or un , 3J2 . tlnk j|u ^ a 

of link 2 i . -jic a 

315a i, a c, p , »f ., nk 3 , 5 . Unk J18j ^ 

a «59y of link 11!, ,. 

L..1K 3t?a is a copy of link 319. u „ k 

350a is a copy of u „ k , J0 _ 

I" l*. pr.r.rr.s «„.<!„„,, te , d ,, luU „, havlop 
"-It. in t*. copy of a „.„„., cBUdr „ ^ 

« I- »t , mt „. r , . „„ „ tB . p>rent tnBiMM ^ 

«J«« 13 t, P« copl, d . Pare „ t 06J « ct ^ unked ^ 

» «MU .6J.,t .62 «„„,,, , llBk Chus osjec( )H ^ 

• P««le = SJ «cc. l3 3 „p Wn lB rigur , cojying of pjrent 

"-'•« '6. r..„:„ i, neu oejtct „„ , eIn8 Unke(i ^ o ^ 
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I .-. Figure 23, using cursor 7 3 i , "Paste up" (object 7 G 5 ) 
is shew.-, being dragged to window 755. In Figure 2*, the 
process is complete and "Paste Up" (object 70S) is new ; - 
window "My Folder". Ir. Figure 25, "Paste Up", shown as 
object 703, is now a child ef "My Folder" through link 728. 

The user sets up nultipl* links by uair.g the Share 
cocxar.d. This csaaand is an extension of the clipboard 
metaphor cooeor. in software packages today for eoving ar.d 
copying data around the systea. The clipboard is a special 
buffer that the systea uses to hold data that is in transit. 

Ir. one way, the Share coaiand operates siailarly to the 
Cut or Copy comaand described above. That is, using Share, 
Cut, or Ccpy, the user selects seme data first and then 
gives the Share command, which results in soaething being 
put on the clipboard. In the case of the Share comaand , 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a peroanent 
connection is made between the o Piginal data and tne 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide easy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Ofrice window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707) being in inverse video. 
Using cursor 78 1, "Share" from cenu 733 is selected. In 
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I- Figure '7, "Paste U* n ' • , 

^ -s shewn as an 0{Hart 7Q7 

linker as a child of NewWave Cff^e t-„ , 

-.e through a l < n * 717 

>..i, .1^ .MW. a ,e cut, c = „. .„ 

p as:s. Tr.e aier s . Jst ...... , , 

' <ata I' to b, ,o.« or 

■ - ..... i#l .. tM _ to ^ 

vdeletirff < * r P ,. . „ 

•a frca i ts original loc»-« on ) r« 
or ,k 3n) ' C °Py »akes a copy 

c e. da. a or. the clipboard. The user 
. tne u »er oust then 

3e;eCt tre i^.ticn where he wants the , 

„ - S the da -a to be moved 0P 

™ to. a.,d give the Paste coxcan*. Thi3 coa _ an , 

the contents of t - e c" Dbo . , "'^ 

C - iP& ° ard C ° the -l.ct.d location. 
IS a user is s , own t . 

OP"- The selection is represented by t*e i con r 

°y t..e icon for "Paste 

UP being di spiay»d us« - » i 

U5 - 8 •'<"<>■ "its cur„ r 7S , , 

- «T select, - Cop/ . f „. , ^ ^ ^ _ 

" ,u ;: "* a ciip °' ar < — «• - .-..« t. . of 

object 707 ("Paste Up»). 

A3 shown in Figure 19, next th. 

^ *. next the user selects -Paste- 

p-» ...» .. 17S3 . Ih . rtsult , jnoun ib ri8ur> 2o ■ 

which i3 a canv « ».w ' 

Py °* the 0 ^"*i "P»t, up- obJeet 707> 

In Figure 21, the new object is a h« u „ 

Je " 13 shown object 708 

linked as a child of NewWave Office th™ u 

wrice through a link 718. 

In Figure 22, "My Folder" ha, k. 

" ' has °«« n opened by doubl- 
clicking the icon for "My P 8 . d .„ 

' X FOid « r '" "sing cursor 78 I . The 

"»"lt is a new window 78 5 representing "My Folder". 
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spreadsheet co-Jii cause a graph to be re-drawn, and updated 
as a figure in a document. And since a r. cbject can have 
c.ny parents, a 3 m 5 le object can be used as -boiler plate" 
for any number of other object,. A charge in the boiler 
Plate will te reflected in all the objects which have links 
to it. Automated data transfer is illustrated in the 
following discussion. 

In Figure 3C, wir.dow ?85 for "My Folder" has been 
closed. In Figure 3\ cursor 7S l is used to select "Create 
a New..." froc pull dew.-, cer.u 752. As a result of this 
selection dialog box 77 9 appears as shown in Figure 32. 
Using cursor 731, the icon HPText has been highlighted and 
using keyboard io the r.ase "Sanple Text" has been typed in 
as the rare for a new object to be created. Cursor 78 1 now 
points to a region labelled "CK". Once this region is 
selected, a new object titled "Sasple Text" is created, as 
is shown in Figure 33. 

In Figure 3<», "Sa= P le Text" (object 709) is shown to be 
a child of NewWave Office through a link 719. In Figure 3 U , 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 73 1 on the icon "Saeple 
Text" and double clicking a button on mouse 20 results in 
"Saaple Text" being opened. In Figure 36, an open window 
739 for "Saaple Text" is shown. 
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Figure W Clipboard zf..-, 720 . 

U ---c *o .3 shew- to be a par-m 

"Paste 'j p » obiect 7.17 

- <-< *. ..rough a i;nk 722. 



or 



- , -.sjew 785 has been 



activated. F roa a 
7 8 7, "P asten is sel-cted T h. 

. The r63ult ' 3h '"" ia Figure 

" > is an icon 7.37a ^ - ~ ~ 

that "Paste Up" { 9 h<.^ 7n7 , . 

N .. ' ?07 ) 1 3 3hSred ^ -mdow 785 and the 

NewWave Office wi^ cv - 

Ia F:SUre 2fiA ' a result of the 
• — — i- now .., 0 w., t . bs bothachildof 

705 through a 'ink 7?r T _. 

-<• Ir. Figure 29, showing Ja , t the 

interconnection of ob<e-> s V i,<M ► 

vis, tie to the user, - Paatt Up „ 

(object 707 ) i S 3 K 

»■-«"•. „c be a child of -„ y Fo:<;erN 7fl5 

through link 72 7 . Si , ce m 

- vo.je_t 70,) is shared , 

notcoe'ed 

J "' 7v " 3 "-eoams a child of 
NewWave Office through link 7.7. 

One ke y feature of data links is auto oa ted data 
transfer. When a child ,n... ■ 

■•"-■««' P.r« leul . r .„.„,.. If Mlf 

— - .1.. .,„. .„, , 00 firentj a mm 

— n S tBa£ „.„ la i¥iium>> ^ 

««.. r.. tBr . ,„ 

objects with cooDlex d^, « 

onpiex data dependencies, and then have 

changes aade to any su^-sarr k- 

Y au-p«pt be iutOB.tic.lly reflected in 

-her parts. Fop e *a ap ie, changing a nu, b er in . 
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The result is the cper.ing and display of "Star" (object 7 06) 
in a window 7?6. Figure ujb shows the use of cursor 751 to 
select selection "Ellipse" in a mer.u window 7 9 7 which 
results in the data within "Star" (object 706) being changed 
from a star to an ellipse. As shown in Figure 51> the 
result is a change both in data displayed in window 796 and 
data displayed in region 795 of window 791. 

lr. Figure 52, cursor 731 is used to define a region 797 
in windcw 7?:. r , Fisure 53i c , rs;)r 78 , . s usei ^ seiect a 

selection "Create a New..." i r dcwr Benu 7?9i Aj a 

result of this selection dialog box 799 appears In Figure. 
5«. Dialog box 799 contains icons for the two classes of 
objects available which are able to dispiaydata in region 
797 of window 791. Using cursor 78s the icon "HP Shape- 
has been highlighted. r jsins Keyboard 19 the naae "New 
Shape" has been typed in as the name for a new object to be 
created. Cursor 731 now points to a regions labelled "OK". 
Once this region is selected, a new object titled "Mew 
Shape" is created. Data for "New Shape" la displayed in 
region 797 of window 791 as is shown in Figure 55. in 
Figure 56, "New Shape-, (object 750) is shown to be a child 
of "Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. In Figure 58, 
cursor 78 1 i3 used to select the selection "Triangle" from a 
pull down menu 801. The result, as shown in Figure 59, is 
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:.n Fia-jpe 37 a w : ,-w 7 9 t r or .. ?aste 

ns i? (object 707 
has teen cpe.-.ed by double cli-k-^ ^ 

°" tr '« icon for "Paste 

P • :* Figure 33, usim Curs- ^ 7 Q i 

s urs.. 751, controlled by mouse 

20 ' 3 P0P:i0n 790 Cf ^ " "S«Pl. Ttxt , haa befin 

" 1,Cttd - 

° ffi:e eavir ' n ««" i» Portion 790. 

I--. Figure 39, cursor 78 1 is uaed fn 

13 used to select the 

selection "£har»" in a -ni - 

2 KJl1 <,OWR 792. i„ Figure „ 0f 

" »rei 7 9 3 in wir.dcw 7 9 1 is sele-te' u.«-. 

vte> u sing cursor 7 8 i . t n 
Figure U 1 , a selection "»as*e» «« . , 

a * * -s selected fro* a pull down 
aenu 7?U using cursor 7* ' r- - . 

Figure U 2f -Sample Text- is 

liRkCd t0 " ?aSte ^ «- ^PU,, text 790 i3 

displayed in "Paste Up" window 701 ,„ r . 

In Figure t*l "Staple 

Text" (ob ic-t 7pv . 

J-t 7.9, .s snowr. to be a ch ild of B?aste u? „ 

(ob I*'*' 7 r. ? » u 

i, ru„ ... - st . r . „ 1Me „ ,„ i3 closed , e dl3pu?ed ;ejt 

790 is clearly displayed. 

X" n«»r. .5, . r . slon ,„ 3f „ lnaow Tji ia jsuct(i 
«ur.„ ,8,. Fisur . „ 3h0WJ curjor 4ris8ing ^ 

l "" " Stlr " "don 795 of » iMow 79I> . 

Figure U8, "Star" (object 7061 1. 

J 1 ?06) 13 now a child of "Paste Up" 
(object 707; through a link 726. 

"nr. ,9, a user has placed CUP30 r 78, over region 
795 of window 791 and double clicked a button on mouse 20. 
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child 709. 

i» «o. area 793 in ulnacu „, iM ^^^^ ^ 

Parent o^.ct 707 „,., r , quejta tM ^ u ^ 

„ the par .„t ef „ 0 „ 8llpbMr4 ?2o _ 

— — -co. for t ^« tue , n cllpbo<pd ^ d cMid 

tm.. r or ,,,, 729 s . t „.„ parene 707 >nd eMi4 

I" «.ur. .3 . S .. pl . T „ t . (06Ject ?09) [3 shown ^ ^ ^ 

"lid of ...,t. Up- (object 707) through . ltBk 7 „. 

I" Fit-.-, - iispla „ d t .„ 7 , 0 t> dl3pl , yed ^ 

"Psste Up" w: r .3o„ 75I 

-S'- rr. .«o.pn,h lni thl5 , parent o6je _ t 
-".....lit. o«r „...„., th.t..„ aag . Besene to 

TM. ..» a8e r„ U e.t. the chn 4 06Ject 70 , t . dljplar a>tj 
"« «l. int. . lo c ati o„ ap , clrl8d 6> p , re „ t obJejt 

on, ,oo tlk „ th. ....... rr0B par . ne ?07| iaa> 

u«tirt„ti.. .„..., fP0 . „. „,„ apeelflcitlon 

«M. =„. .re. 793 . The .... , f th. ...,„. fp0| 

parent 707 to OMF ,00 to =hu. 70 , l3 . DISPL „ „„. _ 
further descrlhed „ ,p p . n!llx ,, 

Another * PR I NT_S L AV E ■ , , l33 ae.crlbed in 

•PP.--1. B, he „,., „„.„ lt lt 4 „ lred tQ datj ^ 

' Pr ' n:er Jt " ; '>- Oh a t.r.l.., ...... 
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- action, ParerU 70: Bay Jend a . Ql7 _ sizsm o ^ 

to chiitf object 709. In a "GET SIZE" Be3aaff . 

- ut message, parent ob<e = 

»r . refertnce mm fop ^ 

....... r.o. p . r . Bt 707 , . 4<> (h , aati 1<t „ tm ^ ion 

rro. , k . „„ ,p„ lfte , tlon peeord for ?2?> 

delivers the oessafe f« , kn , 

t0 ehlla "lid 70, r.turn, to 

PT.nt 70 7 «„. als , of poptlon ef 

»» fit in th. r. gl0 n op.cin.d by parent 707. 

»l..n\ 4 .t. fro. , ahlw 05Ject t , telnj ^ j 

P-.nt o 6J .ct, .„ tn . cnil < 06J , 5t ehangej 

«".. tn, = o03ectJ „„„„ oKf iM th>t the ^ ^ ^ 

a change in the data obleet - 

oojeet. For exaaple, aa described 

above, in Fi*u-« 117 * - - 

'-«<••• «T, d«t« fro. .jt.r- ( 0bJ „ t 70S) „ ou 

<l1 """ ^ "« t0 " 755 = f T9.. «„d, „ y 6e .„, 

i" n.„r. .,. ., e . r . (o6J , ct 706) ls t eMij sf _ pjj;e ^ 

(object 707) through a link 73< 

«« a Unk 725. since data is being pa33 ed 

rro. child object 705 to parent object 707 , Unk 726 l3 a 
data link which includes a view specification. 

I" Fifur. the .ethod for changing data in child 

object 705 is shown * 

"own. » US . P pIJCes cupsop r8 , resion 

795 or .t.dow 79, ,. e «,„„. eUckJ , but(oB ^ oouse 
». r.,al, t. „. openl „ g , n4 <ljpUy of . stir , (etiMt 
». • .!«..- 7,6. Usl „ s curs „ „, t0 Je;ect ^ 



EP 0 497 022 A1 



/ 



"7-. Sine. o> Ject ,„ . f5; , ep| tne . e if ^ 
t».r.f, r . tBra! Mt , u!tn , n 3u , co , uin 7J , <ouU ^ 

" 0C0" . 

I» n«-r. 78, 0BJ .c t 6 7 6 ls . ,«„..„• „ d ftaj a o 
0»J.«. 676 l3 . parant or „ o6Jec( iftrou5h _ 

»»* a Parent or an o» Je c S 57 8 t , rou8h , unk 680 . 

0ll< " 6 " *" ' "» " «« «, .3 . ,.,.,„„ „... 

ObJ.ct 678 »„ . tag or . 21 .. Unk ^ 

reference name "3", 

"= 79. an .„ try 73r d . aerl6eJ anoun ^ 

■"•<"• »• T»., i.. 1B coluen n , , ntry 73? thepj ^ t ^ 

»«« -.7-. In c , ljan 73S tKtr . ls tht aMi< ^ 

... in c alu= „ 7 , 3 tttr , la lh> ptftrtne> ^ _^ 

'76 t. , d.™, , M SSSUBln8 ther> lt t i3aoeut<d 

-it. lt« 6 79 . l( . thr „ stt , uttMn ju6coUBn nt 

the three bits "no- and ent-v 7T9 <• , « 

ent.y 739 is a view s pe ci ri cat i on 

recori . 

*" 735 ...» 680 ln 

7.. That t,. 1B eolu . B ?3 , of tMrr 7J9 tBepe tj t ^ 

».»« t. ( ., T .. coluan 73J tn , re la the chiid _ 2i _ 

«« m ..I... ,j, there la th . p , ferenc A3ajainj 

««. 1, a , aaoclate<1 vlt „ UBk 680 _ tBe thre> 6itj 

-Ithln ,„«.!„.„ „, COBtaln t „ e tnree 6itj . ||o _ m< ^ 

7»0 u a „„ sp.ciric.tlon r.co.-d. 

I" ri«»r. 80, v,.w a p. = lflcat , 0 „ recor< , „„ la jhoun t<> 
a fl.l- 7U, which ..»,..„ . «. t , for 
'!.», a n.K 7 « 2 wlUc h lm!lc , t „ UBeth . r tBere ia t 



EP 0 497 022 A1 



3naP3h8t U3ed ln the vi « w - an * » neld 7« 3 which contain, 
miscellaneous inforaation about the view. 7he data 
Identification, nucber is used by the child object of the 
link, to deterxir.e what data is 3e nt through the link. 

FiS^es 37 - U 3 3 hcw the establishment of a link with 
a view. as has been discussed before, in Figure 37 window 
791 for "Paste Up- (object 707) has been opened by double 
clicking on the icon for "Paste Up". j„ figure 38f U3lng 
Cursor 781, controlled by mouse 20, portion 790 of the text 
of "Saaple Text" has beer, elected. The portion in inver S e 
video stating "New Wave Office environment" is portion 7 9 0 . 

In Figure 39, cursor 78 1 i 3 used to select the 
selection "Share" in a pull down Benu 792 . 0nce - Share . la 
selected, child object 709 ("Sample Text") creates a data 
identification number which identifies portion 7 9 0 of the 
text to child object 7C 9 . Child object 709 also causes OMF 
100 to put a llr.k to child object 709 on clipboard 720-- 
Child object 709 communicates to OMF 100 through command set 
forth ir. Appendix fi, attached hereto--. Child object 709 
also informs OMF 100 what data identification number is 
associated with the new linic between the child 709 and 
clipboard 720. if tnere i9 , 3napsnot asaoclated wlth th- 
link, child 709 will also inform OMF 100 If there ia a 
snapshot associated with the link. Snapshots are discussed 
"ore fully below. As a result OMF 100 will make an entry in 
H ? OMF . X ft F 603 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 
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VS_TE XTDrsKLOC 



'C 



VS.INITIALIZED 



20 



25 



30 



VS.VIEWCLASS 



■»0 



all 
The 



•ile Position in H?0Mr pup 
wnere a view . „k 

, 3 32 character 

: ext U ai data ID i, located' 
'" l5 con; *if«3 zero if „ 0 

defined by the child. Tie 

i?r ord ^ bit, or t ;; 

file Position are always 
zero and are thus not 

tIVV in . th< Ml3c fleld - 

usei'r " WhiCh blts 
U3ed for this bit fi, ld . 

Set if the view 

initialized. If clear 

infor.ation i„ the "e^ 
specification ia 2ftpo> 
hexadeciaal nuober 0000 
0010 is a mask which 
ind cates which bits are 
^ed for this bit field. 

Reserved for future 

r e u!i nSi o«' The hexadeciaa^ 
ru.ber 0000 0008 is a .asJ 

which indicates which bits 
Tor t „. 6it 

Specifies the view class 
the child assigned to the 
view. Tne rlew class 

de ines what view methods 
ar « available to the 
Parent. The hexadeci»al 

which indicates which bits 
are used for this bit 
field . 



so 



ss 



.....1.. 1. F18ure 77 , 0lj . et 67 , 15 a folasr B 

-"rough a link 67U . 

an. a parent of an object 673 through a 
link: 67 5- Qbu.r u . 

• " 6 ' 2 h " 3 ta * Link 67U as a 

reference naae 



Object 673 has a tag of -i 9 ". Link 



/ 
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6 75 has a reference na:e "7". Reference names are picked by 
the parent object ar.d need tc be unique for the particular 
parent object; however, other parents may have a Unit with 
the same reference naae provided each reference name la 
unl que for each parent . 

Figure 79 show, a block diagram of HPOMF.XRF 603. 
HPOMF.XHF contains an entry for each link between parents 
and children. m HPOMF.XPF 603 column 73 1 contains the tag 
of the parent for each link. Column 732 contain, the tag of 
the child for each link. Column 733 contains the reference 
name for each link. The first three bit positions of column 
733, shown in Figure 79 as sub. column 73«, Indicate whether 
a view specification file record is present ("110") whether 
no view specification file record follows ("000") or whether 
the link is between Is a link from the global parent to a 
global object ( " 1 00" ) . 

As may be seen, entry 735 is an entry which describes 
link 67* ,hown m Figure 77. That is, in column 73 1 of 
entry 735 there 1, the parent tag "6". In column 732 there 
is the child tag -12" and in column 733 there Is the 
reference name -1-. Since object 671 is . folder, there Is 
no view, therefore the three bits within subcolumn 73* would 
be "000". 

Similarly, entry 736 is an entry which describes link 
6 7 5 shown in. Figure 77. That is, in column 731 of entry 736 
there is the parent tag "6". m column 732 there is the 
child tag .19- and in column 733 there is the reference name 



{ 

I 
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'5 



:o 



25 



35 



records cannot be identified by the content within a view 
specification file record. HPOMF.XRF is increased in size 
i6fC bytes at a time. A newly allocated portion of HPOMF.XRF 
is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 

ParentTag Contains the tag (HPOMF.CAT 

record number) of the parent 
object of this link. If this 
field is 0, then this record 
does not define a link and is 
f re e . 



C " lldtas Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
30 HPOMF.XRF defines a link. 

RefNane Contains the reference name that 

the parent has assigned to the 
link. This field is meaningless 
if ParentTag or ChildTag is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 
in Table 5A: 



so 



55 



/ 
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Table 5A 



Da t a Id 



Contains the value 
child has assigned 
the part of Itself 
viewed through the 



Snapshot 



that the 
t o ident i fy 
that is bei 
link. 



Contains the tag (HPOMF.CAT 
record number) of the object 
-hich is the views snap ho , 
if zero, the view has no 
snapshot. For further 
discussion of snapshots, 



below. 



see 



Misc 



VS_NSVDATASET 



VS_NS WD A ~ A ANNOUN CE D 



VS_SMAPSHOTOLD 



VS_WANTMESSACES 



Composed of several bit fields 
described below; 

Set if child has told OrT 

h^V^ data 13 mailable 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a mask which 
indicates which bits are 
used for this bit field. 

Set if child has told OMF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number U000 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the views snapshot i, 
out-of-date. The 
hexadecimal number 2000 
0000 i 3 a, mask which 
indicates which bits are 
used for this bit field. 

Set if child has told OH* 
that it wants to process* 
view messages when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 i 3 a oasi< wnich 

indicates whicr. bits are 
used for this bit field. 
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Table U 

lFirstFreeEntry r s « i * . r „ s . 

iS * 1 1 r tf1 -s record defines 
an Installed class, otherwise 
this record is f ree and this 
rield is the record number of 
the next free record, or -0" if 
there are no more free records. 
If the record is free, none of 
the other fields m the record 
Is meaningful. 

ModuleFileNane SDeeiri., 

apeciries the name of the 

application associated with 
objects of this class as a null- 
terminated string. 

Pr ° PertieS Specifies the number of 

properties, the length of the 
property names and the location 
in HPOMF.PRP of the object's 
properties. See the description 
of HPOMF.PRP bel0M fop fur U P eJ° n 
definition of the structure of 
this field. 

I" Figure 75, the relationship of HPOMF.CAT and 
HPOMF.CLS is shown . Within each Qbject with _ n 

HPOMF.CAT, the record number, which is an object's tag, 

as an identifier 650 of data files in a mass storage 
-emory ,70 associated with the object. The field 
"Typelnciass" serves as an identifier 6S 1 of the class entry 
in HPOMF.CLS, which identifies the class of each object. 
Within each class entry in HPOMF.CLS, the.field 
"ModuleFileMame" serves as an Identifier 652 of the 

application file in oa33 3 torage memory ,70 which is 

associated with the class. 

In Figure 76, the organization of a portion of mass 

-orage memory i 70 is shown. A root directory 660 contains 

Posters to an HPWWDATA directory 661 and HPNWPRCC directory 
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665. KFNW?R0C directory 66S is the location of storage for 
applications files, represented by arrows 659. HPMWDATA 
contains a plurality of HPCKFddd directories, represented by 
directories 662, 66 3 , 66U, 66 5 and 666. m the HPOMFddd 
directories are stored data files associated with objects. 
The "ddd" in HPOMFddd stands for a three d 1 gl t , 1 eadi ng 
zeros, hexadecimal nuaber. Each HPOMFddd directory has a 
different "ddd" hexadeciaal number. The "ddd" nuaber 
Indicates which HPOMFddd directory stores data files for a 
particular object. Data files for a particular object are 
stored in the HPOMFddd directory which has a -ddd" nuaber 
equal to the tag for the object divided by an integer 
nuaber, e.g., fifty four. Within each HPOMFddd directory, 
files a.-e stored by tag nuabers, e.g. data file names have 
the foraat x x x x x x x x . 1 l 1 , where "xxxxxxxx" is an eight digit 
leading zeros hexadeciaal tag, and "111" are a reference 
chosen by the application. 

Systea file 603, HPOMF.XRF is also referred to as 
SYSXRSF. This file is a list of all the links existing in 
the systea. It is record oriented, but does not have a 
header record. Each record file is either free, or defines 
an existing link, or is used as an overflow record from the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called view specification file records. View specification 
file records can be identified only by a previous record 
which defines an existing data link; view specification file 



/ 

/ 
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l?ir 



s t F r e e Z r. t r v 



Ty pel nC lass 



SysCatFlags 



properties 



f a s t pr o ps 



Table 2 

Is "-1" if this record defines 
an object, otherwise this reco 
is free and this field is the 
record nucber of the next free 
record , or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meaningful. 

Specifies the class of this 
object. This is the nunber of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above). 



Specifies if the object is 
global if the bit masked by the 
number 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions must contain n 0" and 
are not used. 

Specifies the number of 
properties, the length of the 
property names and the location 
in HPOMF.PR? of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

Certain object properties, such 
as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in^the properties 
file. Properties stored in this 
field are called "fast 
prope riles." 



System file 602, HPOMF.CtS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The firs 
record, numbered 0, is a header which contains various 
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signatures (see abcve) ani is use- to oar. age a list of free 
records. All ether records eitr.er define an installed class 
or are free. In the preferred embodiment HPOMF.CLS can grow 
dynamically, but cannot shrink. 

Each file record in HPOMF.CLS is thirty-two bytes in 
length. HPOMF.CLS file record 0 (the header) contains the 
following fields listed in Table 3: 

Table 3 

lFi rs t F reeEn t ry Contains the record nuraber of 

the first free record in 
HPOMF.CLS, or "0" if there are 
no free records . 

Fiield Contains the null terminated 

string "HPOMF.CLS" 

Version Contains the file format version 

nua be r . 

IMaxPecordMuEber Contains the number of the 

highest record ever allocated 
froa within HPOMF.CLS (this 
highest record may or may not be 
free ) . 



Table u f below, contains the fields for file records in 
HPOMF.CLS for file records other than file record 0: 
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9n ««»«" Sy.t.. fi Us so,, 

a, . <.U .... «■:... eravt «„ ,., ieu , ..,,.„,,,„. 
T^>- p r ,., ia , inf , r ., tl0 „ .„.» , r . MrM „ ,„„ „ 

=! " S " JeCt iS '« .f ...» 

0lleC!S SUC>! " — •PP"«'io» 1. .....l.t., each 

el». or O.J.C. w, at icon r.p r „. n ., of a 

,S:,! ia FiSJ -" e can ce Precede* „, OSJ . ctJ of , 
P * rtle " Ur CU "- S "»« '«•• «"-«07 .»'„ oo„t. in 

laf0r " tl '" * 5 ° g -- ""•» »« — » ehtl< 06 . ect! 

includins a U st or partnts and r.'.r.»«. — 
■To. a p...,,, for , ac „ 05Jec;; a ^ cMidr>n ^ 

r.f.r.n.. „..., of .„„ , ^ ^ ^ ^ 

.r.t.. rn.. , 0 u«, 7 contain 8 ,„ eral 

information ,ue„ „ wn , t , u „ lo ^ 

•»J..t. ...v. P . qil „ lM aut0Battc restart jm ^ 

restarted . 

I" th. pr.f.rr.d ..».<!.... of tn « „,.,.,„ 

•r.t.. ni. 6o, „ r . f . rr . d l0 aj „ p0Mr . CAT> 3yatei 

1» r.f.„. d to HPOHF.CLS. ,„ t .. fI1 . 6o3 r . ferrea ^ 

ia rererred to a. HP0NF.PF.P, 
■m« ru. 605 ». r . ferr . s co ., ayateo fut 

» r.r.rr.d to a, HPOMF . SOF and „„.. fu , s „ 7 fff 
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that a 



? '■' bwCa window SOC and i r. 
-eg; ;n 79 7 of win* aw - o ; . 

In Figure 60, w in ,ow 300 , a3 bee , closed. Jn Fig „_ e 

6 " "'^ Sha?S " iS 3ele = '-^ ^ PLcin, cursor 73 i ove- 

7 9 7 or ,,n,ow 7 ?6f and clu,, a , Uon on 2C 
I" ri.ur. 62.c-r.or 73, is used t03slfict ^ 

fr3a P ul1 tfown xenu 7 9*. r n r .• 2 u _ - fi , 

.n F.gure 63, cursor 78 1 is used 

to select a regie, 802 of window 79: r n r< ff 

'* • In Figure 6*4, cursor 

Misused to select ..I.ction frea _ 

w it!l d . s . froe fceiag diaplayed ^ 

re8l ° n " 7 ""•«!-« SO, or window 79 ,. 

" NSW Shapa " ^object 750) is shewn to have ar 

nave an additional link 

770, rrc: its parer^ "! as », r. n „ , w . 

f .as.e jp" (object 7 07 ). 

67, „ e: ,„ 7,7 naa ,..„ ,. Ueltd uaing curjor 

79.. cur..r 76, lt lk „ u3e < „ „ l#et ^ f 

^ 7 "- T " ...» in «6. t , 

r. IS . B 78, b .„ ^ ^ 

«». 78, lt „.., „,„, jeleecton p ^ ^ 

««- 783. T„« r .,. lt , 3houn ln ngure 70> ia inicon 

r.r ,. tal . d t . 6y curJop ?81 __ io pisupt 

Sh.p. (o 1Je = t 750 , ia s90vn t0 „„ „, a oMid >f 

"'"«• <•»!•« -oo,. «„ U!B . Unk 780 _ 

I" fit-r. 7,. 0HF ,00 t , a » 3wn to contJ1 „ 

fll « 60 '- •"»• «<>,. .„„. fil . 60J , 

.y.«« m. 6o». , Ml .. rtle 605 , 1Mt<> fu# 6M >m 
rn. 607. oHr !«,„,.„ S95 serv „ „ ;nterfaoe of . oHf to 



roo 
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r i g u r e 7 * shows c n ■ v « i * » * ~ ^ ^ * w ■ 

a -a„ ^-je.ws, the number of 

Slocal =b , ec ; 3 op.r.ting on a 3yj: „ is a „..„. of 

= onfi 3ura .. lon . Jny 0( ,, tet 1b tRt iyj4M ^ ^ ^ 

"at global object fro. th. slobal parent. 

As nay be seen f.-cs ? I zq-p -7 r 1 

r^u.e ,3, f ile records in 

HPOMF. CAT are numbered consecutively. These numha 

=-/• mese numbers serve 

as tags, which identify each oSject. 

In the preferred ea t ->d < -a- n ► <• - 

-w.c.a.n. of the present invention, 

each record is 128 bvtes i- --^-.^ 

oytes 1.. length. : ne fields for file 

record 0 are listed in Table 1 below: 



rable 1 



IFlrstFre.Entry Contains the record number of 

the first free record in 
HP0K.-.CAT, or "0" if there are 
r.o free records. 



' 1 * 6id Contains the null terminated 

string " HPOMF .CAT". This serves 
as a signature. 

VerSl ° n Contains the file format version 

number, which also serves as a 
signature. 

lMaxRecordMumber Con*a«n, . s 

v-on.ains the number of the 

highest record, ever allocated 

from within HPOMF. CAT (this 

highest record may op may not be 

free). 

Table 2, b.l.w, contain, t„ e field, ror fil , ln 
KfO«r.C»T for fU, r.e.rd, .,„., ,„.„ fll , 
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^-s-.^ptior. o.' each systea file is 

now g i v e n . 

Sy»t„ file 601, SF n, F . c>: , r?rerrta (o ^ 

StS " 7, H?0,!? - CAT " * m t». .,,.«„, 

in the systea. I p. Figure 7? u?r>u- r.- • 

-a«re hpuM.-.CAj is shewn to be 

record oriented. HPOM.-.CA^ ha, a «i 

has a Plurality of file records 

la r,,BM fi;e 0 "i. 8 a,. .„.„„, 

.i-.h.u.i. .^r.e.T aay „„...,„ csn , „ 3re flu re=oraj t ^ 
contains various s: S , a: „ re! , 

f '" filS r, ° 0rS '- " « is U„,„ »alu« „ nich if 

Pr....,t I..!,.,,, ,„.» ts . fll , ls „ c ._ eo „ uplt(1> riie 

receri , „,„„,... fll , p , corS , 8S;itUrai re = 3raj 

(not shown) # * h • f ^a^.- 

* ' d,flM 3n •*i«iP. f object, or are free. 

in C,e preferred- . B bodi.. nt H ? OMF .CAT can 8 row dynaaically , 
*3 »re file records are needed, but cannot , hplnlc . 

Pile record , defines a special object called the 
Siobal parent. The global parent has a for. different than 
every other object, and „ay be regarded a, a -pseudo" 
°>Ject. Figure 7 , ahow , the glQbai paptnt to ^ t ^ pap ^ t 

of global object 250 through lin* 260 , glpbal obJect „, 
through Unlc 26,, global object 252 through i ink 262, globBl 
object 253 through li„ k 263. global object 2 5 U through i ink 
26" and global object 255 through link 265, as shown. 
Global objects 250-255 are also within HPOMF .CAT. Each 
Slobal object 250-255 «ay be a parent of one or .ore objects 
in HPOMF. CAT. Each object in HPOMF. CAT which is not a 



o 
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5U " 3 1 n the data *i th . „ 
"Star" (object 7 05 } beii* c^r,.. , 

* chaR ««* To. a atar to an ellip, 
A3 shown in F'zu-p si »k 

8 6 re3Ul: is • ch.„ it 5oth ln data 

«i3pl, ytd ln window ^ c 

3FUy " ^ region 795 o 

window 791 



,,flC """ """" — u nk :j6 t . 

identification number. I *• th . „ 

I. the parent object of any 0 f the 
l- ks l3 not act . ve> OMF 1 00 3 et 3 the bit 

V S_NE W'D A T A AN NOUN CE D ,or that link ln HPOMF.XftF . When the 
— object i3 activated, the parent object can then 
request t*e new data. 

» «. P.r.„, 13 lltlnj OHF ,00 win ...« . 

""*" " »•■•» »n, , b « ne „ data t . 

™- 0H F ,00 l4 .„ llfy t0 p , rent osjest ^ 

n... th . llBk „ p UMcR ther# ^ >d4uionsi 
Th. p ar .« 0BJ .„ ,„ a3 , Bj3jjgt ^ ^ ^ 

PT... ..J... 707 x, „ tl „ , hi3 reque3 ^ _ ^ 

f «.Pl.,.« 1. r , 810n 7 , 5of „ lndou ^ fuptfter 

««.np« lsa of th . v ., u Speclfleltlon3 foynd is 

». >«..«>... . r the preaent lBventlon l3 tM pjrert 

OH, ,00. „ ltBout 06Jeet 70? ^ eMij oaiec _ 
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706 mowing t , t ldBnelty 0P , Ry Q ^ r ^ ^ 

ether. The parent oftJeet ldeRtir , e3 t . e uj|ing on , y t ^ 

reference naae of t.e u„lc. The child object identifies t.e 

link u ,in f ju,t the data identification n uaber of tnt linlc . 

OMF ,00 doe, all the translation and identification of which 

links and which object, are involved. 

System file 60«, HPOHF.PFP, is also referred to a* 
SYSPHOP. HPOHF.prp contain, all the object and class 
propertle, except for the fa,t object properties which are 
contained in HP OMF .CAT. Each record in system file 601 
(HPOMF.CAT) and system file 602 (HP0MF.CLS) ha, a properties 
neld, a, described above. Each properties field contains 
the fields described in Table 6 below: 



Table 6 

Di.-DiskLoe Contains the position (byte 

offset) within HP0MF.PRP of the 
property list directory. 

n?rops Contain, the number of 

properties in the property list. 
This is the number of entries in 
the directory entry array 
described below. 



Pools i zt 



Contains the combined length of 
all the names of the properties 
in the property list, including 
a null-terminating byte for each 
name. This is the size of the 
directory name pool described 
be low. 



For each object and for each class, at the DirDiskloc 
Position i., the HPOMF.PR? file is the property directory for 
that object or that cla,,. The directory has two major 



/ 
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v a 1 ue Le n 



ValueDl akLoc 



CaeheOf fae! 



peruana: the entry array, follow,* by t ,, ^ , 

°y tne name pool . Th e 
entry array r.aa cr., entry for ea-h n, 

/ ror ea.h property ln the propept 

E3Ch entry out in TabU 7 below; 

Table 7 

SPeclfiea the length in oytes . 

"soel.t.d property! lr 
ValueLen ls zero, thl 3 ls also 

"o r rV nd thCre 13 "° 
stored anywhere. 

This n.ia i, 00ly us 
i«.«. t . llr roiiowm, th . „ :ry apr 

Tk . 7 3 " e °aoe pool . 

T ;-'" t "»" — — .,. na „ e , 
entry >rray - - — .»« „ tlll „ 

user conacnta, <ia*# an* *> < ' 

^- tl.e or creation, tne uaer who 

created the object 

J w ' etC ' For »o^e information on 
Properties, 3e e Appendix D. 

.«...,».....„,.,,,..,,. Aeih . b 

'»•»«« t». , lr „ „„ pa5 „ . f Ejeh 
- » >r«« m Th „. :aJ „ 10 „„ lat , ly fonow t 

Kit »ap. in, oita.o i, . 

«.».««.« »»«.r..„„. rdu .. drir>( . Thus , 61ta15 
o or „. fir)t „ 0P4 of tfte hitMp ^^^^ ^ 

allocation of nao*. a 

1 P a ««3 0 through 15 of tn# 

1 cne ril «» respectively. 
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When storage in the f iro i n - n 

6- .irst 10<U pages is Insufficient, a 

3-cond biti.p is added to t,e file following pa g e i 023 . 
This blt.ap controls the allocation of pages i 02 « through 
20*7, which i««di,t,ly follow the second bit ea p. 
Additional blt» P , and pages are added in the same way, as 



needed 



Each directory and property value is stored as a single 
>loc* in the file, as . contlgUQU3 _ of 

are all allocated in\he same bitmap. Thl3 eaas „ th# 
restriction that no directory or value can exceed W bytes 
O02H times 32) in length. 

System file 605 , H?OM ? . INS , l3 also referred t<j a3 

SySINSTL ' HP ° MF - INS • H3t of the files that were 

copied to the system when each class was Installed. This 
information is used so that these file, can be deleted when 
the class is de-installed. 

7*t very beginning of HPOMF.INS i, a double word value 
which serves as a va 1 i di t y/ ve r si on identifier. m the 
preferred embodiment the value of this double word must be 

0101ABCD hex to be valid t„ t,wi a 

valid. In Table 8, this number is stored 

as shown because of the protocols for storage In the 
particular processor used by the preferred embodiment, i.e. 
an 80286 microprocessor made by Intel Corporation. 

Following the double word comes a series of variable 
length record,. There is one record for each installed 
class. The first word of each record is the length of the 
rest of the record, in bytes. Thl3 ta follew „ by thf n(jll _ 
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Cass naze or the installed c'ass r h , 
t w„ r . , c.aas. Then fo! laws 

rile names of t*e r<i.„ - 

files cop:ed to the OMF directories 

" :h - erBinat ^ by a null bvte and n 

' *' P re = e 'e<i by a byte wh<ch 

glVes length of the file na -e < , 

anH fch , na - 6 ' in = l^in g the length byte 

8nd the nul1 teramator. if tne f , . 

the file nase begins with the 

special character - • » th . 

' ^ flle 13 a33u »«< to be located i„ 
the HPNWPROC directory. If th , 

na " e begln3 wlth the 

special character > h . 

^ fllC 13 a33u »«< to be located in 

the HPWWDATA directory. 

For example, a 33UBe two classes a -. , 
"A- and e , installed: class 

*~ and class "CD?" n 

• Class A B " caused two f Uej to be 

installed: "2" * u B ».,« 

•-'or,. CU„ - CDE . , flu ^ se 

«... th . „„.„, ofHp0Mp . INS 

example: 



Table 8 

offset content 

f CD AB 01 Of F'i. C i"I Bta 

U 0C 00 r .:!.2 ea ^ er/ver3lon check 

Length of AB record ( 12 

9 04 AB * Mull 

Length of length byte »t 2 » ♦ 

! IS s * 00 

Length of CDE record ( 1 0 
1U U3 uu uq no deciaal) 

18 "I "5 00 -CDE" ♦ Mull 

L tTu'u° f lengtf, b/te * 
9 2A 53 58 53 00 -XXX" . Bull 
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System File 606, HPOMF.SDF is also referred to as the 
"shutdown file". HPCMF.SD? exists only when the systea has 
been cleanly shut down. It is deleted as the s y s t es s t ar t s , 
•o and create* as it shuts down. On startup, if this file is 

missing, OK? assumes that the last session ended abnormally, 
and so it goes through its crash recovery procedures to 

'S 

validate and repair the system files as best it can. The 
system files can be in an invalid but predictable state on a 

io crash. These errors are corrected without user 

intervention. Certain other kinds of file consistency 
errors are detected, but are not really possible from an 
"ordinary" system crash. These errors are in general not 
correctable and the OMF will not allow the system to come up 

J0 in this case. 

If HPCKF.SDF is present, it contains a list of objects. 
When the systea is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the systea is restarted. The list of objects, 
s then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF is a flag word. If this 
"* word is non-rero, OMF will execute its crash recovery code 

ever, though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
55 sequence cf three byte records. The first two bytes of each 



BP 0 497 022 A1 



/ 



.-.cord contain the tag of the object to be restored. The 
least significant byte is ftrat . Tne thlr < byte l8 ^ ^ 
in the preferred embodiment, a.ni is zero. 

For exaeple - lf tf1e ia shut doun cleanly ln tht 

last S e»ion anc! two objects, having tags of 2 and 7, 
respectively, nave requested restart, the content, of 
HPOMF.SDF will be as 3e t out In Table 9 below. 

Table 9 

offset content comments 

° 00 00 Indlcatea no crash recovery 

needed 



2 02 00 

* 00 



Tag of flpat object to reatart 
Unused and reserved 

7 no l ig ° f 3eC0n<1 ° b J««t to reatart 

Ul - Unuaed and reserved 



System file 7 , HP0MFIC0. NW E , la a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program sold by 
Microsoft Corporation, having a business address at 16011 NE 
36th Way, fiedoond, Wa 98073-9717. HPCMFICO.NWE also 
contains as "resources" the icons of each installed class. 
0«F modifies HPOMFIC0.NWE directly during run time, and 
loads and unloads it to get the icon resources fro. it. The 
format of HP0MFIC0.NWE is defined In Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Normally working with a view (see discussion on views 
above) causes a child's application to be invoked. Where 
large applications are involved, this can cause a lot of 
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oversea] to be eliilnated. 

• »«?«.•. 1. an object tr.at u„ s executable „«. 
a ».para:e U lrifI referred t0 „ . 

<" D.L. r.th..- tban U31ng lh , fun , pplt „ ltM <x . outJBle 
««•• Tn, only data ril, aaaoclated vlth , Jnipahot 

13 " »• »»« rr.. a chin obj.ct to . 
Parent object, m. cod. vni.n ,„., P3ulat „ dlti m# 

in olfactory HPOMPPROC (directory 668). 

'" * X " P! *' FleUr ' 8 ' »«• ■ »«.nt object 50, H, kl( 

« • «iu object 502 tnro.gn . u,» 50 a. 4 ,. oelltt4 wlth 

»« «. 1. a an.„n 0 t 503. on.. .Mid object „.. ...Un.t.d 
«.Mh.t 50 3 lB , v .. u re = or(1 for . iink 5oti 

»nap s! ,ot 503 l. abl. e . pPovl „ fpo> ^ ^ 

to parent 50, without th. neceaaity of 
application aaaoclated with cnlld object 502. 
.= a,o„„ in rigur . „, „„„ ^ ^ 

object 502 „ u3 t active ln or , tr t0 ,.„„ yl> . ^ ^ ^ 
Parent object 50,. ln OP d. r opJ , et JQ) ^ 

«•» «ata 5JJ in a dl , pl , y ^ 

no-.ver, a„, ps not 503 1, ,„,„„ t0 provide. «.» a , t . „ 2 to 
parent object 50, tB . ,...,, ltf „ J(| ^ 

act,,.. r UPtnep i.px...^.^,,, attiUj of „ 1|j!i)iots 
Siv.n 1, appendix a, «p p .„di, c and appendix 0. 

OMF 100. 
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Appendix 3 is a d**<->*<~*4 

description of function, which 0 KF 
interface 59^ re^mi ?<» . < 

•--iniz., ln the preferred eabodiae.nt of the 
present invention. 

Appendix C (HP NewWave P nv < rnn . > 
Examples) Glve3 exa • 

new the preferred eobodiaent of 
the present Invention mav « 

»ay be l-Ple B ented. including detail as 
to how OMF 100 allows data to be viewed h., 

vlewed between windows 

displayed on monitor 1 U . 

Appendix D (Chapter 2 of » Pnf , 

r i or Prograaoer's Guide) gives a 

farther overview n r u ~ 

.„ t . ' Br *- ,rr t». pr... Bt 

fu "-' » » .p.r.t... or lh . 

Pr.f.rr M ..».„..„, of t „. pr , jept lnv , n61on _ 
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Claims 



2. 



An ocect based d,s.r,buted computer s ystem compf(Sing a netWQrk Qf work$ta „ ons an(J means 
ransm,tt.ng ob,ec!s between workstations characterised by objects including a first ob,ect type for 
storing data ano a second ob.ect type for presenting data to a user, wherein objects of the second type 

T^'Z^rT^?^ °' MrSt tYPe ,V - S ' ! ° enab ' e a p,ura, "V °' users <* workstations 
to access data of the ob,ect of -he first type, comprising means for transm.tt.ng an object of the second 

•ype V-c, between workstations thereby to create a reference to the associated ob,ect of the firs, type 
iv-s) for each workstation receiv.ng an cbiect of the second type. 

A system according to claim i comonsmg means for copying an object of the second type (V-n 

cetween workstations. 
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A system according to claim I C r clam 2 wherein transmuted ob ( ec;s of the second type fV-c.mciuce 
an identifier (60) .'or the associated ociect of the first type (V-s). 

A system according to any preceding claim m the form of a conferenc.ng system comprising means 
onacimg users of the workstations to participate .n a meetmg over the network wherein obiects cf the 
first type (V-s, store meetmg cata and obiects of the secono type iV-c) are for presenting meeting data. 

A method of convenmg a meeting using a system as claimed in claim 4 comprising transmitting an 
obiect of the seconc tyoe iV-cj oetween workstations thereby to create a reference to the associated 
ooiect of tne first type iv-si for each workstation receiving an object of the second tyoe 
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